Abstract-Coordinated multi-point (CoMP) is a very promising transmission scheme since it permits interference reduction and cell-edge throughput improvement. In this work, we study the performance of the joint processing multiple antenna multipoint cooperation using the maximum ratio transmission (MRT) technique. A closed form expression of the outage probability is derived for Rayleigh flat fading channel model considering pathloss and constant shadowing. Analytical and simulation results are compared.
I. INTRODUCTION

C
OORDINATED multi-point transmission is a new technique targeted to the LTE-Advanced (LTE-A) standard and promising better cellular performance. In the 3rd Generation Partnership Project (3GPP) LTE-A two main schemes were highlighted [1] : coordinated beamforming/scheduling (CoMP-CBF) and joint processing (CoMP-JP). In the CoMP-CBF strategy, a user is served by only one base station (the master cell) and the surrounding BSs schedule users so as to generate the least interference possible to the user of the master cell. In the CoMP-JP strategy, coordinated BSs share information data to serve a user cooperatively. The CoMP-JP generates higher backhaul load since the cooperating BSs need to share user data, channel state information (CSI) and synchronization signals, while the CoMP-CBF needs to share only CSI and scheduling decisions. However, the JP strategy offers larger performance gain than the CBF [2] , [3] . In this paper, we focus on CoMP-JP transmission. In [4] , a measurement study showed that multicell cooperation attain larger mean capacity than an isolated cell when considering a sufficiently high capacity and low latency backbone. In [5] , field trial was performed to confirm the throughput enhancement introduced by CoMP-JP strategy. In [6] , a numerical study of different joint processing schemes showed the potential of this technique to enhance the overall system performance. In [7] , the performance of the femtocell coordination strategy was studied for zero forcing (ZF) and maximum ratio transmission (MRT) schemes. Two power allocation algorithms were proposed and compared. In [4] , [5] , [6] , [7] , authors performed simulation, measurement or field study but no theoretical studies were conducted. In [8] , an analytical expression of the capacity outage probability was derived for an open-loop Alamoutilike CoMP downlink transmission in Rayleigh fading. The proposed SINR expression can only be achieved when using a distributed Alamouti for two cooperating BSs. In [9] , an analytical study of a multicell multi-antenna cooperative MRT/MRC scheme was conducted. An analytical expression of the probability density function (PDF) of the signal-tointerference ratio (SIR) was derived considering path-loss, shadowing and Rayleigh fading. However, the authors resorted to many assumptions: a cell-edge user served in cooperation is at equal distances from the cooperative BSs, a Gamma distributed shadowing and a Poisson spatial distribution of interfering transmitters. Furthermore, there is a significant difference between simulation and theoretical results. In this work, our main contribution is to perform an analytical study of a downlink multicell cooperation system using the MRT precoding technique. The MRT [10] is a transmission technique achieving maximum transmit diversity and maximizing the SNR. We propose an approximate outage probability expression of the downlink multiple antenna CoMP-JP using the MRT precoding considering path-loss, constant shadowing and Rayleigh fading. Our analytical approach consolidates the numerical performance studies provided in the literature.
This paper is outlined as follows. In the next section, we introduce the system model. In section III, the outage probability expression is derived. In section IV, simulation results are presented and discussed. Concluding remarks are proposed in section V.
The following notations are used: (.) T denotes the transpose conjugate operator, E[.] the expectation value and var(.) the variance.
II. SYSTEM MODEL
Consider a downlink multicellular (B base stations) multiuser system (K active users) and consider multiple antenna BSs (M antennas) and single antenna user equipments. Let a cluster be a subset of BSs cooperating to serve a user. The clusters are disjoint. The selection algorithm of the BSs in a cluster is beyond the scope of this work, a possible simple criterion is the minimization of the distance depending pathloss. A cluster of BSs transmits to a single user per transmit time interval (TTI). BSs use the MRT to transmit their data. We assume coherent multicell transmission which needs a tight synchronization across transmitting BSs (like in [11] ) that can be ensured using low-latency and high-capacity backhaul communication. The information data intended to a user are shared by all BSs in its cooperation cluster. CSI between 2162-2337/12$31.00 c 2012 IEEE the considered user and the cooperating BSs are estimated using feedback for the frequency division duplex (FDD) mode or uplink-downlink channel reciprocity for the time division duplex (TDD) mode. The cluster of BSs serving a user k is denoted B k . The signal received by a user k is given by [12] :
where p b,k is the power received by user k from BS b, h b,k ∈ C 1×M is the complex Gaussian channel between user k and BS b, n is the AWGN and x b,k ∈ C M×1 is the MRT data vector transmitted from BS b to the user k and is given by:
s k ∈ C is the normalized information symbol intended to user k from BS b. The received power p b,k includes path-loss and shadowing:
where P T is the total transmit power of BS b, C is a constant, d b,k is the distance between the considered user and BS b, η is the path-loss exponent and ξ b,k is a Normal random variable with zero mean and standard deviation σ. The output SINR perceived by a user k is given by:
In dense urban interference limited system, the noise power can be neglected compared to the interference power, thus the SINR can be approximated as:
where
III. OUTAGE PROBABILITY
The outage probability is an important QoS performance metric since it measures the probability of failure to satisfy a required threshold for a given service. It is defined as:
where γ th is the SINR threshold value characterizing the considered service.
Let us derive the PDF of X. X can be written as:
U can also be written as:
To the best of our knowledge, there is no possible closed form expression for the PDF of U . We will hence use the central limit approximation for causal functions [13] . It permits to approximate the sum of positive independent and not necessarily identically distributed random variables by a Gamma distribution given by:
. To derive ν and θ, let us calculate the mean and the variance of U , E[U ] can be derived as follows:
it can be noticed, that V is a square root of a Gamma distributed random variable and thus we can write the PDF of V as:
E[V ] can be derived using (14) and is given by: 
The variance of U can be derived as follows:
The parameters ν and θ are thus given by:
Using the Gamma approximation of the PDF of U , we can derive the CDF of X as follows:
where γ(., .) is the lower incomplete Gamma function and Γ(.) is the Gamma function. It is clear from (16) and (17) that adding new cooperating BSs improves the mean useful signal power but increases also its variability. We can also show that the mean and the variance are increasing with M .
Let us derive, now, the PDF of Y . We can write the expression (8) as:
hj,i . It was proven in [14] , that, since the elements of h j,k and h j,i are zero-mean complex Gaussian random variables, g j,k,i is also complex Gaussian independent of h j,i . Let
, it is the sum of independent complex Gaussian random variables. Y can be written as:
{c k,i } (i=1...K,i =k) being independent zero-mean complex Gaussian elements with variances:
The PDF of Y is, hence, given by [15] :
.K,p =k may be equal. In this case, a very small number can be added to differentiate equal terms [15] and hence the distribution (25) is still valid and yields good results.
Having the PDF of X and the PDF of Y , and since they are independent random variables, we derive the outage probability as follows:
The outage probability is given by [16] : where U (., ., .) is the confluent hypergeometric function of second kind. Expression (28) is a closed form approximation of the outage probability. It is a finite sum over the number of the active users in the network of easily computable elements allowing for rapid evaluation of the cooperative MISO system performance. Fig. 1 presents a comparison between simulated and theoretical outage probability. We consider a network of 19 BSs equipped with 4 antennas (the central cell and two surrounding rings of BSs). We consider N = 3, 4 or 5 cooperating BSs and 5 interfering clusters of BSs so that K = 6. A user is served by the N BSs with smallest path-loss degradation. We first generate 19 realizations of the shadowing using a lognormal random variable with σ = 6 dB standard deviation. In each iteration of our Monte Carlo simulation, the SINR is calculated using these same realizations. All BSs emit a power of 20 W. The cell radius is R c = 500 m and the considered mobile station is at a distance d = 400 m from the central BS (celledge user). The path-loss exponent is η = 3.41. In an urban environment and considering a frequency carrier f 0 = 2 GHz, the path-loss constant C = 4.95×10 −4 [17] . The figure shows that there is a good match between simulations and analytical results. We can see that the approximation is all the more precise when the number of BSs is larger; however, it still holds even for a small number of cooperating BSs (3 or 4 BSs). We can also notice the considerable gain of performance of the CoMP strategy over the non cooperative one.
IV. SIMULATION RESULTS
In Fig. 2 we plot the outage probability of the SIR and of the SINR for R c = 500 m and R c = 1 Km. Thermal noise power is computed as σ 2 n = N 0 W where N 0 = −174 dBm/Hz is the noise density power and W is the system bandwidth. Considering the same system parameters as for Fig. 1 , it can be seen that for a dense urban environment where R c ≤ 500 m and for a bandwidth of W = 20 MHz, the two curves are superposed, thus the influence of the noise power is negligible compared to the interference power. In this case the system is said interference limited. The difference between SIR and SINR outage probability becomes significant only for large cell ranges (R c ≥ 1 Km), large system bandwidths (W ≥ 10 MHz) and high SINR. On Fig. 2 , we can note however that even for R c = 1 Km, W = 20 MHz, our formula can be efficiently used in the low SINR region (for coverage studies for example).
In Fig. 3 we fix N = 3 and varies M = 1, 2 or 4. Again, we notice that our formula provides a good approximation of the outage probability. As an expected result, we can observe that increasing the number of antenna per BS enhances the system performance and that the improvement is decreasing with M . This is a classical result related to the diversity gain brought by multiple antenna at the BSs.
V. CONCLUSION
In this paper, the performance of the joint processing maximum ratio transmission technique was studied in terms of outage probability. A closed-form expression has been derived using a Gamma approximation of useful power PDF and an exact interference power PDF. Simulation validates the derived outage probability expression. Our model is definitely optimistic since we assume perfect CSI at the transmitter. A more realistic approach should take into consideration the imperfectness of the CSI or consider open loop diversity achieving techniques, e.g., space time coding.
